Carcass data from more than 4,400 Southdown x Romney ewe and wether lambs collected over a 16-yr period were analyzed for the effects of sex, rearing status, and growth rate. Ewe lambs grew more slowly than wethers and had .78 kg less carcass weight at the same age. The carcass weight advantage for wethers was nearly all caused by heavier fat-free weight. Based on fat depths, the fat on ewe lambs was distributed in more anterior and ventral parts of the carcass relative to wether lambs. Lambs reared as twins had 1.73 kg less carcass weight and correspondingly reduced carcass measurements compared with lambs reared as singles. Sex and rearing status interacted for some traits. However, in no case was a significant sex difference reversed in single-and twin-reared lambs. Growth rate effects were determined by regressing average change in carcass measurements on average carcass weight gain over a 5-wk period. When carcass weight remained constant over a 5-wk period, fat weight increased by .12 kg, fat-free weight and muscle measurements decreased, and bone lengths increased. For each kilogram of increase in 5-wk carcass weight gain, the marginal increase in fat weight was .41 kg and that of fat-free weight was .59 kg. At the average 5-wk carcass weight gain of 1.4 kg, fat and fat-free gains were equal. As carcass weight gain increased above 1.4 kg, fat-free gain exceeded fat gain.
Introduction
A large breeding project was begun at the Ruakura Animal Research Station in 1963 to study genetic variation in sire-transmitted effects on lamb survival, growth, and carcass composition when mated to Romney dams (Carter and Kirton, 1975) . Approximately 350 sires were used to produce progeny to compare breeds available in New Zealand. Nearly 10, OOO progeny were slaughtered and measured for carcass composition in this phase of the study. Approximately half the sires used were Southdowns. A second phase of the project was carried out from 1973 to 1978. In this phase, Southdown rams selected for high growth rate as lambs were progeny-tested each year, followed by selection within family and line. Approximately 2,000 carcasses were evaluated in this phase.
Carcass and growth data from progeny of Southdown sires were analyzed for genetic and nongenetic effects. Effects of rearing status, sex, and growth rate are reported in this paper. These results are useful for adjusting progeny and sib carcass data used in evaluation and selection schemes. Knowledge of rearing status and sex differences can be useful in the development of marketing strategies designed to produce more uniform carcass composition. The effects of growth rate on developmental changes in carcass measurements were determined from the regression of changes on interyear and interperiod variation in average growth rate. Information on growth rate effects can also be useful in developing management plans to alter the composition of carcasses.
Materlals and Methods

Experimental Design
Data were collected on lambs resulting from matings of Southdown rams and mature Romney ewes. Beginning with the 1963 mating, rams were sampled from Southdown breeders in New Zealan& this sampling program was continued throughout the first 10 yr. In addition to the rams sampled from purebred breeders, an experimental flock of Southdowns was begun by sampling the industry in 1963 and 1964. Progeny of young rams from the experimental flock provided all data for the 1973 through 1978 matings.
Throughout the 16 yr of the experiment, some rams that had been used in earlier years were used in subsequent years. In these analyses, progeny from second and later years of use were deleted.
Rams were single-sire mated to 20 or more mature ewes. Lambs were identified at birth or shortly after to determine parentage. Lambs were docked and males were castrated at 3 to 4 wk of age. Lambs were weaned at about 14 wk of age and allowed to graze on predominantly rye grassclover pasture. In some years, various pre-and postweaning treatments crossclassified with sex, rearing status, and slaughter age were imposed on the progeny. Lambs were allocated to slaughter ages, balancing as much as practicable within sire group for sex, rearing status, birthday, and weaning weight. Lambs born from 1963 to 1972 were assigned to three slaughter ages.
The first slaughter age ranged from 17 to 20 wk of age, depending on the year. The second and third slaughter ages were 5 and 10 wk, respectively, after the fust slaughter age. Within each slaughter age, lambs were assigned to weekly slaughter groups by ascending birth date to reduce the difference between intended and actual slaughter age. Lambs born from 1973 through 1978 were allocated in a similar way to slaughter at either 22 or 27 wk of age.
Live weights of lambs were recorded at birth, docking, and weaning and at 2-wk intervals from weaning until slaughter. Lambs were weighed before being trucked to an abattoir and again after being held overnight without feed and water. Lambs were then slaughtered by standard methods. 
Statistical Analysis
Each year was analyzed separately because treatments were different from year to year and age adjustments were thought to differ depending on yearly grazing conditions. The minimal statistical model consisted of effects for intended slaughter age, sex, rearing status (twin or single), and the interaction of sex and rearing status. Deviations of birth date from the average birth date and actual slaughter age from the intended slaughter age were fitted as covariates. Each covariate was allowed to interact with intended slaughter age so that regressions specific to each slaughter age were obtained. In addition, pre-and postweaning treatment effects were included in the model when appropriate. Sex, rearing status, and their interaction effects were averaged across the 16 y-r to obtain pooled estimates. The SE of each pooled estimate was calculated from the variance among the 16 independent estimates. These estimates of effects are unbiased but do not have minimum variance. However, the large number of lambs still resulted in small SE. 
Results
The number of lambs having a complete set of data for live weights, carcass weight, fat and fat-free weights, eye-muscle area, and fat depth C and tissue depth J is shown in Table 2 .
Analyses of other traits resulted in minor differences in the number of lambs included in Kirton et al. (1967) . 'See diagram and definitions in Palsson (1939) . ' Ihe present data differ from those of Palsson in that the cut between the last thoracic and first lumbar vertebra was made at right angles to the vertebral column and cut through one or two ribs instead of following the curve of the last rib as in Palsson. the analyses. Of come, those traits not measured until 1964 (see Table 1 ) had no data in 1963.
Approximately 40% of lambs were born and reared as twins. Average differences between ewe and wether lambs and between lambs reared as singles or as twins are shown in Table 3 . Rearing status significantly affected all traits. Lambs reared as singles had heavier birth weights and grew more rapidly to weaning. The difference in carcass weight between lambs reared as singles or twins was nearly equally due to fat and fat-free weight. Other differences between lambs reared as singles or twins primarily reflect carcass weight differences.
Ewe lambs grew more slowly than wethers and had less carcass weight at slaughter. The increased carcass weight of wether lambs was nearly all caused by differences in fat-free weight. Differences in anatomical shape between the sexes were apparent. Ewe carcasses had shorter tibia plus tarsus length 0, cannon bone length, and leg length but greater crutch depth 0. Ewes had smaller and rounder eye muscles than wethers, as indicated by longissimus width A, depth B, and area. The distribution of fat on ewe carcasses as measured by fat depths was diffexent fkom the distribution of fat on wether carcasses. The more dorsal fat depths (Sl, C, and L1) of ewe lambs were similar to or less than those of wether lambs. The more ventral fat depth measurements (S2, J, L2, and L3) of ewe lambs were greater than or similar to those of wether lambs. Comparison of the most dorsal fat depth with the more ventral fat depths on the same section (S1 vs S2, C vs J, and L1 vs L2 and L3) shows that the difference between ewe and wether lambs increases in the more ventral parts of the carcass. Comparison of the more anterior fat depths (Sl, S2, C, and J) with the most posterior measurements (Ll, L2, and L3) indicates that ewes are fatter than wethers in anterior portions of the carcass.
Interactions between sex and rearing status (Table 3) were primarily due to changes in magnitude of differences between sexes or rearing status rather than to a reversal of differences. In no case was a significant sex effect reversed in singles vs twins or a significant rearing status effect reversed in ewes vs wethers.
Intercepts and regression coefficients relating trait change to carcass weight change over Table 4 . At the average carcass weight gain, one-half of the gain was fat. Figure 1 illustrates the regressions of fat and fat-free gains on carcass weight gains.
Dlscussion
Differences between ewe and wether lambs in carcass weight are almost entirely due to growth of the fat-free carcass. Similar results were shown for rams, wethers, and ewes by Everitt and Jury (1966) and for rams and ewes by Fourie et al. (1970) . Although fat weight did not differ between ewes and wethers, ewes had greater internal fat, and fat seemed to be distributed in more anterior and ventral parts of the carcass as measured by fat depths.
Many of the differences between lambs reared as singles or twins can be accounted for by the difference in carcass weight. Using the average change per kilogram of carcass weight gain from Table 4 to adjust for rearing status differences removed fat and fat-free weight differences. However, singles would have slightly greater dressing percentages and decreased fat depths when evaluated at the same carcass weights.
Several workers have studied the effects of different intakes and patterns of intake on body composition using small numbers of sheep and experhentally controlled diets. The results reported here are of a different nature. The present results are based on large numbers of animals and natural variation in average dietary intake and quality, and possibly on other factors Occurring between years and periods within years. Nondiemy factors that could influence average weight gains include ambient temperature, disease, and parasites.
Furthermore, some genetic change across years for growth rate, particularly in the sires, have shown reductions in fat weight, but little more than might be expected from differences in weight gain (Burton and Reid, 1969; Kirton, 1970; Burton et al., 1974; Searle and Graham, 1975; Thomton et aL, 1979; Kirton et al., 1981) . However, Elsley and McDonald (1964) and Hodge and Star (1984) found a greater reduction in body fat than would be expected from body weight loss with feed restriction. Rattray et al. (1973) and Notter et aI. (1983) found increased fat in animals held at maintenance. Hovell et al. (1983) have suggested that 35-kg lambs fed enough energy to maintain weight may not produce enough microbial amino acids to maintain body protein. The present data suggest that a period of carcass weight stasis slows but does not stop skeletal growth, decreases muscle and fat-free weight, and increases fat weight slightly. At the average carcass growth rate, onehalf of the gain was fat and onehalf was fat-free. As carcass growth rate increased, the proportion of gain that was fat decreased and the proportion that was fat-free increased. Conse quently, lambs grown at faster growth rates were leaner at the same carcass weights. The fastest growth rates in this experiment were less than might be expected with concentrate feeding. At very high growth rates, the relationship between growth rate and the partition of carcass weight gain to fat and fatfree gain may be reversed. On the other hand, the results may be extendable to periods of weight loss. Kirton et al. (1967) found that fat was 31% of carcass weight lost during a 3 d fast. The equation in Table 4 scaled to 3 d periods predicts that fat would make up 40% of carcass weight loss.
lmpllcatlons
When slaughtered at the same age, carcasses from ewe lambs were lighter and fatter than those from wethers. Ewe lambs must be slaughtered at younger ages and lighter weights to produce carcasses with a fat percentage similar to that of wethers. Lambs reared as twins must be slaughtered at older ages than lambs reared as singles but at similar weights to produce carcasses with the same fat percentage. Adjustments for sex and weight must be considered in selection programs. Slower growth, resulting from environmental and management effects, produced slightly fatter carcass weight gain than moderate growth rates, suggesting that the opportunity to improve carcass composition by changing growth rate by management is limited unless slower growth results in lighter carcass weights at slaughter. 
